Objectives: Given the increasing focus on early mortality and readmission rates among patients with acute coronary syndrome (ACS), this study was designed to evaluate the accuracy of the GRACE risk score for identifying patients at high risk of 30-day post-discharge mortality and cardiovascular readmission. Methods: This was a retrospective study carried out in a single center with 4229 ACS patients discharged between 2004 and 2010. The study endpoint was the combination of 30-day postdischarge mortality and readmission due to reinfarction, heart failure or stroke. Results: One hundred and fourteen patients had 30-day events: 0.7% mortality, 1% reinfarction, 1.3% heart failure, and 0.2% stroke. After multivariate analysis, the six-month GRACE risk score was associated with an increased risk of 30-day events (HR 1.03, 95% CI 1.02---1.04; p<0.001), demonstrating good discrimination (C-statistic: 0.79±0.02) and optimal fit (Hosmer---Lemeshow p=0.83). The sensitivity and specificity were adequate (78.1% and 63.3%, respectively), and negative predictive value was excellent (99.1%). In separate analyses for each event of interest (all-cause mortality, reinfarction, heart failure and stroke), assessment of the six-month GRACE risk score also demonstrated good discrimination and fit, as well as adequate predictive values. * Corresponding author. E-mail address: raposeiras26@hotmail.com (S. Raposeiras-Roubín). 
Introduction
Acute coronary syndrome (ACS) is a high-risk condition and a common cause of hospital admission around the world. Hospitalization for ACS and its early aftermath define a period of vulnerability, during which clinical deterioration leads to readmission. Since readmission after an ACS is common, expensive, and varies across hospitals, suggesting preventable events, national health systems have identified readmission as an opportunity to improve quality of care and reduce costs. 1 In this context, the transition of care from the inpatient to the outpatient setting is currently seen as an opportunity to prevent readmission. 2 To improve efficiency, the highest intensity interventions should target the patients who are most likely to benefit. 3 Against this background, the purposes of this study were to determine the significant predictors of 30-day mortality and early cardiovascular morbidity following discharge after an ACS, and to evaluate the utility of the Global Registry of Acute Coronary Events (GRACE) risk score in this setting.
Methods

Data sources and samples
This was a retrospective study in which demographic, clinical, and angiographic data, as well as data on management and in-hospital complications, had been prospectively collected and recorded in an electronic database. Subjects were all patients with a diagnosis of ACS admitted consecutively to our hospital between January 2004 and June 2010. The initial cohort consisted of 4645 patients, of whom 274 died during the in-hospital phase. Of the 4371 discharged patients, those in whom ACS was triggered in the context of surgery, sepsis, trauma, or cocaine consumption (n=41), and those missing data for any variable of the GRACE risk score (n=67), were excluded. Of the remaining 4263 patients, one-month follow-up was completed in 99.2% (34 patients without follow-up data). Thus, the final cohort was composed of 4229 patients. The study complies with the Declaration of Helsinki, and was approved by the Clinical Research Ethics Committee of our hospital.
Definitions
The diagnosis of ACS was validated, through retrospective chart review, if the patient had new onset symptoms suggestive of myocardial ischemia and any of the following criteria: cardiac biomarkers above the upper limit of normal, ST-segment deviation on electrocardiogram, inhospital stress testing showing ischemia, or known history of coronary artery disease. Patients were classified as having ST-elevation myocardial infarction (STEMI) or non-ST elevation ACS (NSTE-ACS) (non-ST elevation myocardial infarction or unstable angina). The diagnosis of unstable angina was based on suggestive symptoms together with objective evidence of myocardial ischemia on stress testing or detection of a ≥50% culprit lesion on coronary angiography, in addition to cardiac biomarkers below the upper normal limit. Left ventricular ejection fraction (LVEF) was determined by two-dimensional echocardiography. Depressed LVEF was defined as values ≤40%. In accordance with the World Health Organization criteria, anemia was defined as hemoglobin concentration below normal (<13 g/dl in men and <12 g/dl in women). Occurrence and severity of in-hospital bleeding were recorded using the Thrombolysis In Myocardial Infarction (TIMI) scheme. 4 Major bleeding was defined as intracerebral hemorrhage or clinically overt bleeding associated with a drop in hemoglobin of ≥5 g/dl, while minor bleeding was defined as a drop in hemoglobin of 3 ---5 g/dl. In our study, severe bleeding was defined as TIMI major or minor bleeding unrelated to coronary artery bypass grafting.
Study endpoint
The study endpoint was the combination of 30-day postdischarge mortality and readmission due to reinfarction, heart failure or stroke. All patients were followed for 30 days or until any event involving the combined endpoint. Follow-up methods involved one or more of the following: use of hospital records, hospital visits, telephone call to the patient's general physician, and telephone call to the patient.
GRACE risk score calculation
The two versions of the GRACE risk score (in-hospital and six-month) were calculated for each patient from the sum of the individual scores assigned to each of the corresponding variables, as previously described 5, 6 ; thus, the sum of these scores corresponded to the total GRACE risk score as a continuous variable. In addition, patients were categorized in different risk groups according to cutoff points and intervals established by the GRACE risk score. Accordingly, three risk categories (low, intermediate and high) were established.
Statistical analysis
All analyses were performed using SPSS (version 17.0, SPSS Inc., Chicago, IL). Continuous variables were described as mean ± standard deviation (SD) or as median and interquartile range. The Student's t test or Mann---Whitney U test, as appropriate, were used for comparisons of continuous variables between two groups of patients. Discrete variables were expressed as frequencies and percentages, and were compared with the chi-square test. A parsimonious logistic regression model was used to estimate the odds ratios (OR) and 95% confidence intervals (CI), assessing the performance of the GRACE risk score to predict 30-day events in a multivariate model. In the initial model variables that resulted in significant predictors of 30-day events in the univariate model were included. Multicollinearity was assessed by examining pairwise correlations between all continuous predictor variables and by assessing the variance inflation factor for each predictor variable. The contribution of each significant predictor in the multivariate model was ranked by its F-value, and variables with the smallest contribution to the model were sequentially eliminated. The final model was composed of 11 variables: age, diabetes, LVEF ≤40%, grade 3 ---4 mitral regurgitation, in-hospital infection, anemia at discharge, absence of coronary stenosis, percutaneous coronary intervention (PCI) with drug-eluting stents, beta-blockers at discharge, statins at discharge, and sixmonth GRACE risk score. A p value <0.05 was considered statistically significant.
Measures of fit and discrimination were used to assess performance of the GRACE risk score, including the Hosmer---Lemeshow (HL) goodness-of-fit test, 7 in which higher p values indicate better fit. The GRACE risk score was entered into a logistic regression model to generate the individual probability of death. The HL statistic from the regression modeling was used as an indicator of the goodness-of-fit of the GRACE risk score as an overall predictor variable. Discriminatory power was assessed by the C-statistic, equivalent to the area under the receiver-operating characteristic curve. 8 Negative and positive predictive values for the GRACE risk score were also computed for the high-risk group.
Results
Baseline characteristics and events
Demographic, clinical and procedural characteristics are shown in Table 1 , comparing groups of patients with and without 30-day events. Overall, 2.7% of patients presented events within 30 days of discharge: 30 died (0.7%), 42 had reinfarction (1.0%), 57 were admitted for heart failure (1.3%), and nine had a stroke (0.2%).
GRACE risk score
In the present cohort, the mean six-month GRACE score was 112.9±33.4. Using the mortality risk stratification proposed for ACS, 29.4% (n=1245) of patients were classified as low risk, 32.7% (n=1383) as intermediate risk, and 37.9% (n=1601) as high risk. The GRACE score stratification (low, intermediate and high) was correlated with a progressive increase in 30-day mortality, reinfarction, heart failure and stroke ( Figure 1 ). The sensitivity and specificity of the high risk GRACE classification for 30-day events were 78.1% (95% CI 69.2%---85.1%) and 63.3% (61.8%---64.7%), respectively. Although the positive predictive value was low (5.6%, 95% CI 4.5%---6.8%), with a high false positive rate, the negative predictive value was extremely high (99.1%, 95% Table 2 ). Assessment of the fit and overall performance of the GRACE score demonstrated a good fit (p=0.83 for the HL goodness-of-fit test) and high discriminatory power (C-statistic: 0.79±0.02) for the combined endpoint and for each event separately ( Table 3) . The fit and discrimination of the GRACE risk score were also good in both the PCI and non-PCI groups, with HL p values of 0.849 and 0.765, and C-statistics of 0.78±0.03 and 0.80±0.03, respectively. In Figure 2 a continuous model of
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the interaction between GRACE risk score and probability of 30-day events is shown. After multivariate analysis, the six-month GRACE risk score was shown to be an independent predictor of early events within 30 days of ACS (OR as a continuous variable 1.02, 95% CI 1.01---1.03; p<0.001), with a three-fold increased risk of 30-day events in the high risk GRACE group (Figure 3) .
Discussion
Given the increasing focus on 30-day readmission rates among patients with common medical conditions, including myocardial infarction, we performed this analysis in a large single-center European registry of ACS patients to determine predictors of all-cause 30-day mortality and early readmission due to cardiovascular events. We report for the first time the accuracy of the six-month GRACE risk score to predict 30-day post-discharge death and cardiovascular events (reinfarction, heart failure and stroke).
In the PCI era, survival to hospital discharge has improved dramatically. 9 However, patients who do survive to discharge are at risk for post-discharge readmission. Early readmission rates have been proposed as quality measures for hospitals, Abbreviations as in Table 1 . Table 3 Ability of the GRACE risk score to predict 30-day events (death, reinfarction, heart failure, stroke, and the combination). particularly in the USA. 10 Therefore, to improve quality and reduce costs, policy markers are increasingly focusing on 30-day readmission rates for ACS as both a quality and an economic measure. Being able to identify high-risk patients should be useful to clinicians and hospitals in stratifying patients on the basis of readmission risk and potentially as a basis for interventions to reduce readmission rates in highrisk patients. Several studies examining predictors of early readmission have recently been published 2,3,10---18 ; however, few variables were consistently identified. Thus, clinically, early risk stratification is challenging. From a clinical perspective, there is currently no validated risk-standardized model available in the literature to identify high-risk ACS patients based on 30-day mortality and early readmission rates. Our study is an important addition to the evolving body of knowledge regarding early post-discharge mortality and readmissions. We confirmed some risk factors for discharge, but, in addition, we identified the six-month GRACE risk score as a new independent predictor of early mortality and readmission due to cardiovascular events. In our view, the six-month GRACE risk score may be useful to clinicians, hospital administrators, and investigators designing interventions to reduce early events and readmissions after ACS.
30-day events
Despite the proven utility of risk scores in prognostication and guidance of treatment strategies, it is not known how often they are actually used in routine practice. 19 Some physicians may be reluctant to use risk scores at the bedside because they find them inconvenient and time-consuming. Others believe that they can readily discern and integrate high-risk features into overall risk estimation without the aid of risk scores. In recent years, definitive data have demonstrated the incremental prognostic utility of risk scores beyond overall risk assessment by physicians. 20, 21 Although there are numerous established prognostic markers, they usually co-exist and their importance hinges on the inter-relationship of many factors. Because patients often present with complex risk profiles, assimilation of all the relevant information from history, physical examination, and laboratory inves- Significant predictors of 30-day events after adjustment for diabetes, LVEF ≤40%, non-obstructive coronary disease, drug-eluting stents, grade 3-4 mitral regurgitation, anemia at discharge, in-hospital infection, bet -blockers, statins, and six-month GRACE risk score. tigations is a highly complicated process and a daunting task for a busy clinician. 19 In an attempt to simplify and improve risk stratification, researchers have focused their attention on the development and validation of various risk scores over the past decade. The in-hospital GRACE risk score was described in 2003 and the six-month GRACE risk score one year later. 5, 6 Both were validated in large external data sets, and demonstrated superiority to subjective global risk assessment for in-hospital, six-month and long-term mortality and cardiovascular events. 9, 20, 22 D'Ascenzo et al. reported that the GRACE risk score had a better discriminatory accuracy than the TIMI risk score in predicting mortality and cardiovascular events in the short and long term, with C-statistics of 0.82 and 0.81, respectively. 23 However, no study has specifically proved the utility of the GRACE risk score within 30 days postdischarge. Our study has shown the independent predictive value of the six-month GRACE risk score to predict not only early post-discharge mortality, but also 30-day cardiovascular morbidity (reinfarction, heart failure, and stroke). In contrast, the in-hospital GRACE risk score did not remain as an independent predictor of events in the early phase after discharge.
Our findings also indicate that early mortality and readmission among ACS patients in Europe are low (<3% in our study). This contrasts with reported data from the USA, where 30-day mortality and post-discharge cardiovascular readmission rates were higher (around 10%). 11, 13, 18 Kociol et al. recently demonstrated an association between length of stay (LOS) and readmission rates, which accounted for the higher readmission rate in the USA. 10 In this study, the USA had the lowest median LOS among all countries, resulting in suboptimal outcomes with higher rates of readmissions. In our study, LOS was markedly higher than in US populations, which could be explained by greater attention to certain medical problems that would result in a reduction in early mortality and cardiovascular readmission rates.
Clinical implications
The use of the six-month GRACE risk score is crucial in the context of increasing interest in using hospital readmission as a quality metric, linked to correct clinical practice. Although the GRACE score can categorize ACS patients into predicted risk groups for early mortality and readmission after discharge, it does not distinguish between preventable or unpreventable events. However, it can identify high-risk patients for whom there is the greatest potential for preventing early events. Future efforts should be devoted to developing methods for specifically identifying those cardiovascular events that could have been prevented through improved quality of care.
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Limitations
These data should be interpreted in the context of this study's limitations. First, it is a retrospective analysis of clinical data from a single center. Although a multivariate model was used to adjust for potential confounders, unmeasured or residual confounding may remain. Second, we have no data regarding medication compliance or socioeconomic and educational variables, which can affect the occurrence of early events. Third, the 30-day post-discharge mortality and cardiovascular readmission rates were very low, which limits the analysis of each of the endpoints (mortality, reinfarction, heart failure, and stroke) separately.
Conclusions
The six-month GRACE clinical risk score facilitates the identification of individual patients who are at high risk of early mortality and readmission, and is a critical step on the path to reduce early mortality and cardiovascular hospital readmission rates. Newly designed interventions that have the potential to limit preventable early events, reduce healthcare costs, and improve care may have the greatest impact on this vulnerable population.
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